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Right ventricular and/or tricuspid valvar dysfunction 
occur in a significant proportion of patients after 
physiological correction of transposed great arteries 
with the Mustard procedure.’,2 The underlying cause of 
right ventricular failure is not known for certain, but 
the gross configuration of the right heart is thought to 
be critical, insofar as it is at a relative mechanical 
disadvantage for sustaining a pressure load compared 
with the left ventricle. As right ventricular function 
begins to deteriorate, chamber dilatation ensues, which 
in turn causes more pronounced encroachment of the 
septum into the left ventricle, relative displacement of 
the tricuspid valve tensor apparatus, and dilatation of 
the tricuspid annulus. This tends to exacerbate the 
severity of tricuspid regurgitation, which increases the 
volume load on the right ventricle and effectively 
perpetuates the downward spiral of declining right 
heart function. Once this process has progressed to the 
point of clinical sigmficance, treatment options are 
limited for the most part to cardiac transplantation and 
conversion of the physiological repair (Mustard proce- 
dure) to an anatomic repair (arterial s w i t ~ h ) . ~ - ~  In this 
report, we will present a step by step technical descrip- 
tion of the operative procedures necessary to convert a 
Mustard intraatrial baffle to an arterial switch configu- 
ration. In general, this is a multistage process, begin- 
ning with left ventricular retraining by induction of a 
pressure load (pulmonary artery banding), usually 
followed by at least one revision of the pulmonary 
artery band to facilitate optimal left ventricular adapta- 
tion, and ultimately culminating in take-down of the 
Mustard repair, with atrial septation and an arterial 
switch procedure. However, there may be select pa- 
tients with dynamic left ventricular outflow tract ob- 
struction and consequently increased left ventricular 
pressures, who do not require “retraining” and can 
undergo primary conversion to an arterial switch. 
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SURGICAL TECHNIQUE 
1 As dysfunction of the morphological right (systemic) ventricle progresses after 
the Mustard procedure, the ventricle becomes increasingly dilated, which accentuates 
the already existing bowing of the interventricular septum into the left ventricle, and 
causes enlargement of the tricuspid valve annulus and decreased mobility of the 
tricuspid valvar leaflets due to tension on the subvalvar apparatus. Sigmficant 
tricuspid regurgitation is usually present. In order to gauge the success of left 
ventricular retraining and the suitability of the patient for definitive correction with 
an arterial switch operation, it is necessary to document the acquisition of left 
ventricular mass and follow the function of both ventricles and the cardiac valves. 
This is most easily accomplished with echocardiography, but cardiac catheterization 
is also recommended prior to definitive conversion. The first step in this assessment is 
establishing baseline measurements prior to pulmonary artery banding. 
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2 In patients without significant dynamic left ventricular outflow tract obstruc- 
tion, which can effectively promote myocardial hypertrophy and mass acquisition, 
the first stage of conversion from a Mustard configuration to an arterial switch is to 
increase left ventricular afterload by banding the pulmonary trunk. The ascending 
aorta and pulmonary trunk are exposed and dissected circumferentially through a 
median sternotomy approach. The proposed location for banding the pulmonary 
trunk is selected in order to avoid distortion of the pulmonary valve, which will 
become the systemic semilunar valve after the arterial switch, or impingement on 
the branch pulmonary arteries. A pursestring suture is placed in the pulmonary 
trunk proximal to the banding site, and a 20-gauge angiocath is inserted and 
connected to a pressure transducing line for the measurement of mean and phasic 
pressures. Transesophageal echocardiography .is used to monitor the pulmonary 
arterial band gradient, tricuspid regurgitation, and ventricular geometry as the 
band is applied. The band is tightened gradually until the bowing of the 
interventricular septum becomes less pronounced and tricuspid regurgitation is 
substantially reduced, which typically occurs when left ventricular pressure 
reaches 70% to 90% of systemic pressure. Three or four polypropylene sutures are 
the used to fix the band to the wall of the pulmonary trunk. Transesophageal 
echocardiography and direct pressure measurements are then used to measure the 
pressure gradient across the band. After starting a dopamine infusion of 5 pdkg 
per minute, the patient is observed to ensure hemodynamic stability before the 
sternum is closed. The pressure gradient across the band is again measured 
directly and with transesophageal Doppler echocardiography before and after 
sternal closure. 
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3 After banding the pulmonary trunk, the acute pressure load on the 
left ventricle may cause immediate alteration of ventricular and atrioven- 
tricular valvar geometry. With increased left ventricular pressure, septa1 
bowing becomes less pronounced, which may decrease tricuspid annular 
dilatation and have a salutary effect on the mobility of the tricuspid 
valvar leaflets and decreased regurgitation. We have seen significant 
reduction of tricuspid regurgitation immediately. 
In the months after placement of the pulmonary artery band, the 
patient is followed with echocardiography to assess biventricular func- 
tion, acquisition of left ventricular mass, gradient across the pulmonary 
artery band, and valvar function. If the left ventricle fails to acquire a 
significant amount of mass within several months and the gradient across 
the band predicts left ventricular pressures below 70% of estimated right 
ventricular pressure, it is necessary to reoperate to tighten the pulmo- 
nary artery band. The optimal duration of banding, rate of left 
ventricular mass acquisition, and gradient across the pulmonary artery 
band are likely to vary from patient to patient and have yet to be 
definitively established. However, compared with the rapid two-stage 
arterial switch for infants with transposition of the great arteries and 
intact ventricular s e p t ~ m , ~  the process of left ventricular mass acquisi- 
tion is a more gradual progression, and the pulmonary arterial band is 
left in place for a substantially longer duration. 
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4 After adequate left ventricular mass acquisition, the Mustard configuration is converted to an 
arterial switch. The arterial switch is performed before the Mustard baffle is removed, primarily to 
ensure that the switch is accomplished successfully before proceeding. The heart, aorta, pulmonary 
trunk, branch pulmonary arteries, and both cavae are exposed and dissected thoroughly and carefully 
through a midline sternotomy. The aorta and branch pulmonary arteries are mobilized extensively. 
Pursestring sutures are placed high in the aorta and in both cavae, after which cardiopulmonary bypass 
is initiated with aortic and bicaval cannulation. The systemic ventricle is vented through the appendage 
of the morphologically right atrium. The patient is cooled to 25"C, then the aorta is cross-clamped and 
cold crytalloid cardioplegia is administered into the aortic root. 
The aorta and pulmonary trunk are transected and the semilunar valves are inspected. After the band 
around the pulmonary trunk is removed, the narrowed tissue at the band site is excised and the proximal 
and distal edges are trimmed carefully. 
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5 After identification of the coronary ostia, the coronary arteries are mobilized 
on generous buttons of sinus wall. Counter-incisions are made high in the facing 
sinuses of the proximal neoaorta (pulmonary trunk) and the coronary arteries are 
reimplanted with continuous 5-0 or 6-0 absorbable monofilament suture. In 
patients with abnormal coronary artery branching patterns, coronary reimplanta- 
tion may be modified as necessary (see article by Richard A. Jonas, MD, in this 
issue). 
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6 After the coronary buttons are reimplanted into the neoaortic root, the pulmonary artery is brought 
anterior to the ascending aorta (Lecompte manuver). It is important that the branch pulmonary arteries 
have been mobilized to the pulmonary hila to prevent tension on the pulmonary arterial anastomosis, which 
may increase the risk of postoperative supravalvar pulmonary stenosis. The distal ascending aorta is then 
anastornosed to the neoaortic root in an end to end fashion using continuous 4-0 or 5-0 absorbable 
monofdament suture. The coronary button defects in the neopulmonary artery are patched with autologous 
pericardium preferably, and with allograft or synthetic patch material if pericardium is not obtainable. 
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7 Although a standard oblique atriotomy is the most common approach to 
performing a Mustard operation, other types of atrial incision may be used as well.* 
In approaching a take-down of the Mustard baffle and reseptation of the atria, the 
original atriotomy should be identified and used. 
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8 On opening the pulmonary venous atrium, the Mustard baffle is exposed. When the Mustard 
procedure was performed, the coronary sinus septum may have been opened superiorly into the 
morphological left atrium in order to more easily incorporate the coronary sinus into the systemic 
venous atrium, in which case it will not be visible until the patch is removed. The suture lines are 
typically easy to identify. After incising the superior baffle suture line, the entire patch is removed 
with sharp dissection, using either a knife or scissors. Care should be taken when excising the 
patch around the opening of the superior vena cava because the sinoatrial node is located in close 
proximity to the anterior aspect of the suture line. 
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9 After removal of the Mustard baffle, the mitral valve and caval orifices are 
exposed. If the coronary sinus was incorporated into the systemic venous atrium, it 
will also be exposed. It is important carefully to remove as much scar tissue as 
possible from the suture lines, especially from the orifices of the coronary sinus 
and the cavae, to prevent any obstruction. 
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- 
10 A pericardial or synthetic patch is then fashioned to recreate the interatrial septum. 
The patch is sewn to the remaining rim of the native atrial septum using continuous 4-0 or 
5-0 polypropylene suture. In patients who had the coronary sinus septum opened at the 
time of the Mustard procedure, the coronary sinus orifice must be reconstructed by 
bringing the patch down and incorporating it as the posterior wall of the orifice. 
Alternatively, the patch can be carried along the suture line of the Mustard baffle, such that 
the coronary sinus drains to the left atrium. Before tightening the final sutures, the left 
atrium is de-aired by sustained pulmonary hyperinflation. After septation of the atria, a 
left ventricular vent is placed across the mitral valve under direct vision, through either the 
posterior suture line or a separate pursestring. The cross-clamp is removed from the aorta, 
and closure of the right atrium and reconstruction of the pulmonary outflow tract are 
performed without cardioplegic arrest. 
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11 
sutures and rewarming is commenced. 
The right atriotomy is then closed with continuous 5-0 polypropylene 
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12 The neopulmonary artery is then reconstructed by anastomos- 
ing the distal pulmonary artery to the reconstructed neopulmonary 
root using continuous 5-0 or 6-0 absorbable monofilament suture. A 
cardiotomy suction catheter is placed in the pulmonary artery to 
prevent backflow from obscuring the operative field. 
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Comment 
Conversion of a Mustard intraatrial rerouting proce- 
dure to anatomic correction with an arterial switch was 
first described by Mee in 1986.3 Although it is not 
known whether this will be an effective long-term 
solution in these patients, early outcomes in the few 
published reports have been reasonably f a ~ o r a b l e . ~ . ~  
As the population of patients with a Mustard operation 
continues to age, we are likely to see an increasing 
number of patients with progressive decline in right 
ventricular and tricuspid valvar function. In order to 
optimize patient selection, it will be necessary to attain 
a better understanding of factors associated with success- 
ful conversion. The only alternative for definitive 
management of this problem is cardiac transplanta- 
t i ~ n . ~  There is no reason to believe patients with right 
heart failure after Mustard's procedure will fare any 
differently after transplantation that the general popu- 
lation of patients transplanted for heart failure. Thus, 
if conversion of the Mustard to an arterial switch is to 
assume a steady place in the management of this 
problem, it must be shown that this option is compa- 
rable or superior to that of transplantation. In patients 
who have had a Mustard procedure and severe tricus- 
pid regurgitation, we have witnessed significant improve- 
ment in tricuspid valvar function after simply banding 
the pulmonary trunk.6 Such patients may stabilize once 
the pulmonary trunk has been banded, because the 
resulting increase in left ventricular pressure alters the 
geometry and mechanics of ventricular interaction, 
improving both tricuspid valvar competence and right 
ventricular function. Thus, long-term palliation with 
banding of the pulmonary trunk alone may be an 
effective alternative in select patients. 
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